Background: Different treatment options were used to treat upper ureteral calculi. The aim of our study is to compare the stone-free rate and postoperative outcomes between semirigid ureteroscope with holmium laser lithotripsy and laparoscopic ureterolithotomy for the management of large solitary upper ureteral stones. Sixty-seven patients with a solitary upper ureteral stone who had LU or semirigid ureteroscopy in the period between January 2014 and March 2017 were included in our study. Out of the sixty-seven patients, 37 patients had semirigid ureteroscopy and holmium laser lithotripsy (Group A) and 30 patients had laparoscopic ureterolithotomy (Group B). Both groups were compared regarding operative time, intraoperative complications, need for auxiliary procedures, hospital stays, postoperative complications and stone-free rate.
Background
Different treatment options are available for the management of upper ureteral calculi including medical expulsive therapy, shock wave lithotripsy (SWL), laparoscopic ureterolithotomy, ureteroscopy and open ureterolithotomy [1] . Medical expulsive therapy using alpha blockers (i.e., alfuzosin, tamsulosin) or calcium channel blockers (i.e., nifedipine) has been used to treat patients with ureteral stones [2, 3] ; however, a multicenter, randomized, placebo-controlled trial has demonstrated different outcomes and questioned the efficacy of medical expulsive therapy for the treatment of ureteral calculi [4] . Different surgical options can be offered to patients with upper ureteral stones that are refractory to medical treatment and to patients with large upper ureteral stones. The EAU and AUA have recommended shock wave lithotripsy (SWL) or ureteroscopic lithotripsy as a first line of treatment. Nevertheless, percutaneous nephrolithotripsy (PCNL) and laparoscopic ureterolithotomy (LU) may be suitable options [1, [5] [6] [7] . The management of upper ureteral large stones is still controversial. Ureteroscopic lithotripsy is a minimally invasive technique for the management of upper ureteral stones; however, its efficacy decreases in large upper ureteral stones [8] .
Laparoscopic ureterolithotomy (LU) has been used for large upper ureteral stones. Although it is more invasive, it gives a chance of complete stone clearance in a single session [9] . The aim of our study is to compare the stonefree rate and postoperative outcomes between semirigid ureteroscopy with holmium laser lithotripsy and laparoscopic ureterolithotomy for the management of large upper ureteral stones.
Methods
We reviewed our records in the period between January 2014 and March 2017; sixty-seven patients with solitary upper ureteral stone who had LU or semirigid ureteroscopy and holmium laser lithotripsy were included in our study. All procedures in the four centers were performed by well-trained surgeons with equivalent surgical experiences.
The mean stone size was 1.82 ± 0.15 cm (range 1.5:2 cm). All stones were located at the upper ureteral segment. Out of 67 patients, 37 patients had semirigid ureteroscopy and holmium laser lithotripsy (Group A) and 30 patients had laparoscopic ureterolithotomy. We excluded patients with stones smaller than 1.5 cm and bigger than 2 cm, previous open abdominal surgery, bleeding disorders, current UTI, respiratory illness, pregnancy, patients with one functioning kidney, fever > 37.2 and leukocytosis > 12.000 per microliter.
All patients were subjected to history taking and clinical examination, urinalysis and urine culture, renal function test, liver function test, coagulation profile, serum calcium, serum phosphate and serum uric acid, 24H urinalysis for calcium, phosphate and uric acid, renal ultrasound, KUB and noncontrast CT scan.
In Group A, all patients received general anesthesia. Cystoscopy and retrograde pyelogram were performed first, and then 6/7.5 semirigid ureteroscope was introduced through the ureteric orifice. Using follow-the-wire technique, a sensor guide wire was introduced till the level of the stone [10] . Under direct vision, the sensor guide wire was advanced to pass the stone all the way up to the kidney. Semirigid ureteroscope allowed steadiness during stone manipulation and subsequently allowed controlled movement to pass the wire beyond the stone without pushing the stone back to the kidney. Through the whole procedure, the fluid irrigation force was limited to a degree sufficient to see the stone without any pushing force ( Fig. 1 ).
Semirigid ureteroscope allowed passing the edema below the stone that may present in some cases and subsequently passing the guide wire under direct vision up to the kidney. The ureteroscope was withdrawn and reintroduced all the way to the stone. Holmium laser was used with setting of 0.5 J/20 Hz, and laser fiber size 270 was introduced through the scope. Laser dusting technique was used to minimize stone retropulsion. In case of stone migration to the kidney, flexible ureterorenoscopy with holmium laser lithotripsy was used for stone disintegration. A ureteral stent was left at the end of the procedure and was removed after 2 weeks ( Fig. 2) .
Group B included patients who underwent laparoscopic ureterolithotomy. All patients received general anesthesia, and the patient was placed in lithotomy position. Diagnostic cystoscopy and retrograde pyelogram at the side of the stone were performed followed by introduction of sensor wire up to the lower border of the stone. Open-end ureteral catheter was introduced over the wire till the lower end of the stone. After that, the patient was repositioned into the modified flank position, 10 mm camera port was placed through the umbilicus and 10 mm port was placed midway between the umbilicus and anterior superior iliac spine. A 5 mm port was placed at the lumber region on the mid-clavicular line. A 5 mm harmonic shear [Ethicon Endo-Surgery (Johnson & Johnson) GEN 11] was used to dissect and reflect the colon.
The ureter was identified, stone was located and a vertical ureterotomy over the stone was performed to extract the stone. A stone grasper was used to deliver the stone Fig. 1 Forty-year-old male patient presented with right upper ureteral stone (1.7 cm). Stone disintegration was performed using semirigid URS and laser lithotripsy. JJ stent was placed at the end of the procedure through the ureterotomy. The sensor wire was advanced up to the kidney. A 4/0 Vicryl suture was used to close the ureterotomy. A small drain was introduced through the 10 mm port. The patient was then repositioned in lithotomy position, and a ureteral stent was then loaded over the wire. A Foley catheter was placed at the end of the procedure and was removed in POD 1.
Stone-free status was defined as absence of residual stones or the presence of residual stone fragments ≤ 4 mm in size on X-ray KUB performed up to 1 month after surgery [11] .
Ureteral stents were removed after 2 weeks. In both groups, stones were sent for stone analysis. Postoperative follow-up included KUB/CT at 2 weeks postoperatively for both groups before ureteral stent removal to confirm stone clearance and absence of large residual stone fragments. (Fragment > 4 mm was considered residual stone.)
The need for any auxiliary measures either during the same session or at a different session was recorded in both groups.
Statistics
Data were analyzed using SPSS version 20.0 statistical software (SPSS Inc., Chicago, IL, USA). Chi-square test and Fisher exact were used to compare categorical variables. Mann-Whitney test was used to compare two groups. P value less than 0.05 was used as cutoff for significance.
Results
Of 115 patients who had solitary upper ureteral calculi, 67 patients met the inclusion criteria of our study. Of the 67 patients, 37 patients treated by semirigid ureteroscopy and laser lithotripsy were included in Group A and 30 patients treated by LU were included in Group B. The demographic data of our study included numbers of patients in each group, age, sex, stone location and stone size as shown in Table 1 .
There was no significant difference between both groups regarding the operative time. The mean operative time was 61.5 ± 3.5 and 63.1 ± 4.2 min in both Groups A and B, respectively (P = 0.13). The number of auxiliary measures was significantly higher in Group A in comparison with Group B (P = 0.02).
The stone-free rates after 2 weeks in both groups were 100%. No significant difference was observed between both groups regarding postoperative complications. Postoperative UTI was detected in three cases in Group A (8.1%) and in one case in Group B (3.3%), UTI was treated by antibiotics according to urine culture and Stone migration was reported in five patients (14%) in Group A, for whom flexible ureteroscopy was used at the same session to disintegrate the migrated stones. No cases of stone migration were recorded in Group B ( Table 2 ). Ureteric injury was not recorded in any case in Group A.
One case in the LU group was converted to open surgery due to extensive adhesions around the kidney and upper ureter; the patient had history of repeated episodes of acute pyelonephritis. No significant difference between both groups regarding stone composition was detected ( Table 3) .
Regarding hospital stay in both groups, mean hospital stay was 1.2 ± 0.47 and 2.07 ± 0.25 days in groups A and B, respectively (P ≤ 0.001).
Discussion
Upper ureteral calculi management is always considered a point of debate. Stone size, intensity and duration of pain, presence of obstruction and availability of equipment are factors that determine which treatment line we select for the management of upper ureteral calculi. Different lines of treatment are available to treat upper ureteral stones like SWL, ureteroscopy and laparoscopic ureterolithotomy [12] .
The medical expulsive therapy is suitable for stone less than 5 mm [13] . SWL can also be used for the treatment of upper ureteral calculi. SWL is a safe, noninvasive technique and can be performed as an outpatient procedure. [14] . SWL has a high success rate for upper ureteral stone that is less than 1 cm, and stone larger than 1 cm may require more than one session of SWL [15] . Ureteroscopy is an attractive modality used to treat upper ureteral stones; it is less invasive and has a high stone clearance rate. Ureteroscopy with holmium laser lithotripsy can be used for the management of stones larger than 1 cm. The main disadvantages of semirigid ureteroscopy and holmium laser lithotripsy are a higher retreatment rate for larger stones and stone up-migration [16, 17] .
Laparoscopic ureterolithotomy is another treatment modality that can be used for the removal of large upper ureteral stone. LU can be done through a retroperitoneal or transperitoneal approach [18] [19] [20] [21] [22] . The LU allows complete stone removal in one sitting [19] .
In 1992, Raboy et al. [23] performed the first transperitoneal laparoscopic ureterolithotomy. Neto et al. [24] reported a success rate of 93% for laparoscopic ureterolithotomy in comparison with SWL and semirigid ureteroscopy with laser lithotripsy (35%, 62%, respectively). Fang et al. [8] in his comparative study between LU and ureteroscopic holmium laser lithotripsy concluded that LU has a higher stone-free rate in comparison with ureteroscopy and laser lithotripsy. Ko et al. [25] recorded a higher stone-free rate after a single session in LU in comparison with rigid ureteroscopy (93% vs 68%). Anup Kumar et al. [26] reported that for stone larger than 2 cm located at upper ureteral segment, LU is a better option for cure with lower complication and retreatment rates. Tugcu et al. compared LU and ureteroscopy for upper ureteral stone > 15 mm, and Tugcu et al. [27] found that the success rate was higher in the LU group (100% vs. 87%). Different studies suggested that LU provides a higher stone-free rate than ureteroscopy and laser lithotripsy in the management of large upper ureteral stones [28] . In our study, there is no significant difference between both groups regarding the stone-free rate, especially when flexible ureterorenoscopy was used to manage migrating stone fragments at the same session after semirigid ureteroscope. In the ureteroscopy group, different precautions were followed to minimize stone retropulsion like usage of low and intermittent flow of irrigating fluid, patients were placed in a mild degree of anti-Trendelenburg position during the procedure and stone dusting technique was used as much as possible to minimize stone retropulsion. A shorter hospital stay was observed in the ureteroscopy group in comparison with the LU group.
The need for auxiliary measures was not needed for any case in the LU group while it was recorded in five patients in (14%) in the ureteroscopy and laser lithotripsy group (P = 0.02). The need for second session was not recorded for any patient in both groups. A conversion to open surgery was recorded for one case in the LU group, secondary to extensive adhesions around the kidney and upper ureter. Anup et al. did not report any auxiliary measures used in the LU group, but he reported 13 cases in the ureteroscopy group in whom auxiliary measures were used (P = 0.001) [26] . In our study, the operative time and hospital stay were longer in LU group in comparison with the ureteroscopy group with no significant difference between both groups (P = 0.184). There is no significant difference between both groups regarding early postoperative complications like UTI and hematuria.
Three patients in ureteroscopy group developed UTI controlled by antibiotics. No cases developed urosepsis in ureteroscopy group. We assume that using a lowpressure irrigation flow during the procedure reduces the incidence of septicemia in ureteroscopy group. Unfortunately, we were not able to compare the costeffectiveness between the two groups. However, our study showed that semirigid ureteroscope with laser lithotripsy is an effective technique to treat large upper ureteral stones with a low rate of stone migration that requires usage of flexible ureterorenoscopy. In our technique, the use of flexible ureterorenoscopy was limited to migrated stones only, which in turn decreases the frequency of usage of an expensive instrument (flexible ureterorenoscopy) and reduces the overall cost of the procedure.
Study limitations
Our study is a retrospective study that is subjected to selection bias and recall bias. Further prospective studies with prolonged follow-up periods are recommended to emphasize our study results and conclusion.
Conclusion
The stone-free rate following semirigid ureteroscope and laser lithotripsy of upper ureteral calculi (between 1.5:2 cm) is comparable to that following LU, especially when flexible ureteroscope is used to manage migrating stone fragments at the same session.
Abbreviations LU: laparoscopic ureterolithotomy; URS: ureteroscopy; SWL: shock wave lithotripsy; EAU: European Association of Urology; AUA : American Urological Association; PCNL: percutaneous nephrolithotripsy; J: joule; Hz: hertz; ASIS: anterior superior iliac spine; POD: postoperative day; CT: computed tomography; KUB: kidney, ureter, bladder; UTI: urinary tract infection.
